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The  induction  of  malignant  disease  by  radiation  either  alone  or  in  combination 
with  other  severe  injuries  is  a critical  collateral  damage  problem.  Tne  mechanisms 
underlying  the  host's  responses  to  malignancy  are  not  well  known.  Thim&an  inte- 
grated study  of  the  host's  hematocytopoietic  responses  to  malignancy  was  uhdertaitBn — 
with  the  aid  of  an  animal  modeL^Tnderstanding  and  interpreting  these  responses  <s  of 
critical  value  in  determining  (1)  treatments  that  might  obviate  malignant  cell  induction 
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20.  ABSTRACT  (continued) 

or  (2)  treatments  that  will  assist  in  the  cure  of  the  malignancy.  Certain  non- 
leukemic, solid  animal  and  human  tumors  not  directly  involved  with  the  hemato- 
poietic system  are  known  to  affect  indirectly  the  various  cellular  compartments 
of  the  system.  One  such  tumor^the  Lewis  lung  (3LL)  transplantable  carcinoma, 
produces  splenic  enlargement  in  mice  engrafted  sc  with^a  tumo^  cell  inoculum. 
Thus.'weT hypothesized  that^the  splenic  enlargement* waste&sociat&d  with  myelo- 
cytopoietic  and  lymphocytopoietic  changes  that  were  dependent  on  (1)  initial  3LL 
cell  load,  (2)  time  after  engraftment  with  3LL  cells  and  (3)  engrafted  mouse  strain. 
The  hypothesis  was  tested  by  engrafting  both  C57BL/6  male  and  B6CBF1  male 
mice  with-^ither  (1)  104,  (2)  5 x 104  or  (3)  2 x lO^yviable  3LL  tumor  cells.  Con- 
trol treateaTtTTce  received  either  (1)  no  tumor  cells  or  (2)-^  x lfl5»irradiated  3LL 
cells^  On  days  3,  7 and  14  after  sc  engraftment  the  following  responses  were  mea- 
f sured  simultaneously  in  replicate  experiments:  (1)  splenic  enlargement  and  histo- 
logic appearance,  (2)  splenic  lymphocyte  responses  to  phytohemagglutinin  and  to 
(3)  lipopolysaccharide  and  splenic  cell  colony  forming  unit  potentials  as  measured 
by  the  (4)  colony  forming  unit-spleen  and  (5)  colony  forming  unit-culture  assays. 
^>In  all  tumor  cell  engrafted  mice,  the  splenic  weight  was  greater  than  that  seen 

in  control  untreated  mice.  In  each  strain,  the  splenic  weight  increase  was  depend- 
ent on  the  number  of  engrafted  tumor  cells  and  the  time  after  engraftment.  Hyper- 
plasia of  the  reticuloendothelial  system  was  observed  at  all  tumor  cell  doses  at  all 
time  intervals.  Reticuloendothelial  system  hyperplasia  tended  to  increase  as  a 
function  of  time  and  tumor  cell  dose.  The  incorporation  of  tritiated  thymidine  in- 
to splenic  lymphocytes  stimulated  with  phytohemagglutinin  was  reduced  in  all  mice 
engrafted  with  tumor  cells. .^There  was  a strain  difference  in  response  to  this 
mitogen  that  was  dependent  uron  the  tumor  cell  load  and  time  after  tumor  cell  en- 
graftment. Tritiated  thymidinh  incorporation  into  splenic  lymphocytes  stimulated 
with  lipopolysaccharide  was  incr^sed  in  all  mice  engrafted  with  tumor  cells. 

There  was  a difference  in  mouse  strain  responses  to  lipopolysaccharide,  but  no 
differences  were  associated  with  the  various  tumor  cell  doses  and  times  after  en- 
graftment. The  number  of  colony  forming  units-spleen  was  marginally  increased 
and  was  dependent  upon  the  dose  and  time  of  tumor  cell  administration  and  the 
mouse  strain  engrafted.  Colony  forming  unit-culture  growth  of  spleen  cells  ob- 
tained from  tumor  cell  engrafted  mice  was  increased  at  all  time  intervals  and 
tumor  cell  doses  tested.  Generally,  the  colony  forming  unit-culture  growth  of  the 
spleen  cells  of  both  mouse  strains  injected  with  tumor  cells  increased  as  the 
tumor  cell  dose  and  time  increased.  In  conclusion,  myelocytopoietic  and  lympho- 
cytopoietic changes  observed  in  the  splenic  cell  populations  of  mice  engrafted 
with  the  Lewis  lung  carcinoma  were  dependent  on  (1)  initial  tumor  cell  load, 

(2)  time  after  engraftment  with  tumor  cells  and  (3)  engrafted  mouse  strain.  The 
data  support  the  contention  that  investigators  using  3LL  transplantable  carcinoma 
systems  designed  to  evaluate  curability  of  primary  tumors  and/or  lung  metastasis 
by  either  chemotherapy,  radiotherapy,  or  adoptive  immunotherapy  should  consider 
the  above  observations  when  interpreting  their  data. 
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Tumor  associated  changes  in  hematocytopoietic  organs  have  been  found  in 
humans  and  animals  bearing  certain  solid  tumors  even  though  their  malignancy 
does  not  directly  involve  such  tissues.  16, 18  ajtered  hematocyto- 

poiesis  can  take  the  form  of  a leukemoid  reaction  which  is  characterized  by 
granulocytosis  and  splenomegaly8  and  increased  numbers  of  splenic  and  soft  agar 
colonies  derived  from  either  the  spleen  or  the  bone  marrow.  13,22,23  jn  addi- 
tion, the  reactivity  of  splenic  cells  to  nonspecific  mitogenic  stimulation  may  be 
reduced  in  mice  bearing  various  solid  transplantable  tumors. 11  ’ 15 

In  mice  bearing  certain  transplantable  tumors,  the  spleen  undergoes  en- 
largement and  thus  becomes  a focus  of  attention  for  investigations  dealing  largely 
with  the  immune  responses  of  cells  from  that  organ.  To  date,  no  studies  have 
been  reported  whereby  simultaneous  examinations  for  lymphocytic  and  myelo- 
cytic proliferation  were  done.  Such  analyses  would  be  expected  to  provide  (1) 
insight  into  tumor  associated  hematopoietic  disturbances  and  (2)  better  inter- 
pretation of  hematopoietic  dysfunctions  observed  in  animals  subjected  to  either 
radiation,  chemical,  or  immunologic  manipulative  procedures  designed  to  erad- 
icate the  malignancy. 

In  this  laboratory,  splenic  enlargement  was  observed  in  mice  bearing  the 
Lewis  lung  (3LL)  carcinoma.  Thus,  based  upon  this  observation  and  that  of 
others,  * 12,  18  it  was  hypothesized  that  profound  simultaneous  alterations 

in  lymphocytopoiesis  and  myelocytopoiesis  would  be  observed  in  spleen  cells 
derived  from  mice  bearing  the  3LL  tumor.  We  observed  simultaneous  (1)  de- 
creases in  lymphocyte  responsiveness  to  phytohemagglutinin,  (2)  increases 
in  lymphocyte  responsiveness  to  lipopolysaccharide  and  (31  increased  numbers 
of  colonies  formed  on  the  spleen  and  in  soft  agar.  Initial  dose  of  tumor  cells, 
time  of  spleen  cell  analysis  after  injection  with  tumor  cells,  mouse  strain  and 
replicate  were  significant  factors  (in  varying  degreesl  which  influenced  the  ex- 
perimental data. 
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MATERIALS  AND  METHODS 


Mice.  C57BL/6  (H-2b)  and  (C57BL/6  x CBA)  FI  hybrid  <H-2b  x H-2k), 
henceforth  B6CBF1,  mice  were  obtained  from  Cumberland  View  Farms,  Clinton, 
Tennessee.  All  mice  used  in  this  work  were  males,  8-12  weeks  of  age.  The 
animals  were  maintained  on  a 6 a.  m.  to  6 p.  m.  light-dark  cycle  in  filter 
covered  cages.  During  the  light  portion  of  the  cycle,  mice  were  exposed  to  75- 
100  foot-candles  of  illumination.  Wayne  Lab-Blox  and  acidified  (pH  2. 5)  water 
were  available  ad  libitum.  All  mice  were  acclimated  to  laboratory  conditions 
for  2 weeks.  During  this  time  they  were  quarantined  until  they  were  certified 
free  of  lesions  of  murine  pneumonia  complex  and  of  oropharyngeal  Pseudomonas 
spp. 

Tumor.  The  Lewis  lung  (3LL)  carcinoma,  a metastatic  tumor  which  arose 
spontaneously  in  the  pulmonary  tissues  of  a C57BL/6  mouse,**®  was  received 
from  the  NCI-NIH  in  its  86th  sc  passage  in  C57BL/6  male  mice.  In  the  work  re- 
ported here,  tumor  cells  were  derived  from  the  4th-12th  sc  passage  maintained 
in  C57BL/6  male  mice  at  this  Institute.  For  routine  passage,  viable  tumor  tis- 
sue was  homogenized  and  0. 2 ml  of  a 10  percent  (v/v)  concentration  of  cells  in 
Roswell  Park  Memorial  Institute  (RPMI)-1640  medium  was  implanted  sc.  In  ex- 
periments where  known  numbers  of  viable  tumor  cells  were  needed,  tumor  tissue 
was  first  passaged  through  a tissue  press  into  RPMI-1640.  Cell  clumps  were 
disrupted  with  a syringe  fitted  with  an  18-  and  then  a 20-gauge  needle.  Debris 
and  dead  cells  were  removed  by  layering  on  100  percent  fetal  calf  serum  (Gibco, 
Long  Island,  New  York)  and  centrifuged  for  10  minutes  at  750  x g.  The  cells 
were  resuspended,  clumps  allowed  to  settle  out,  and  the  suspension  was  layered 
on  10-ml  quantities  of  a Ficoll-Hypaque  solution  (2.4  parts  of  9 percent  Ficoll 
400  (Pharmacia,  Uppsala,  Sweden)  and  1 part  of  34  percent  Hypaque  (sodium 
Diatrizoate,  Winthrop  Laboratories,  New  York,  New  York))  in  glass  conical 
tubes  and  centrifuged  for  20  minutes  at  1000  x g.  The  internatant  layer  of  cells 
was  drawn  off,  washed  in  RPMI-1640,  resuspended  and  counted.  Viability  was 
90-99  percent  as  determined  by  exclusion  of  0. 1 percent  trypan  blue.  All  tumor 
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cell  preparations  were  free  of  bacterial  contamination  as  determined  by  lack  of 
growth  in  thioglycollate  broth. 

i 

Groups  of  C57BL/6  or  B6CBFI  mice  were  engrafted  sc  according  to  ex- 
perimental needs  either  with  10^,  10^,  5 x 10^  or  2 x 10®  viable  3LL  cells. 
Control  groups  of  both  mouse  strains  were  injected  sc  with  RPMI-1640  or  2 
x 10®  3LL  cells  given  2000  rads  60Co  at  600  rads /minute.  When  examined  at 
necropsy,  no  tumor  growth  was  observed  in  any  of  the  mice  engrafted  with  irra- 
diated tumor  cells  at  any  of  the  time  intervals. 

Ol 

Colony  forming  unit-spleen  (CFU-s)  assay.  The  CFU-s  assay0  was  used 
to  determine  the  number  of  stem  cells  found  in  the  spleen  of  normal  and  tumor 
cell  engrafted  mice.  This  test  was  performed  by  the  iv  injection  of  groups  of 
6-8  irradiated  mice  each  with  2 x 10®  spleen  cells  derived  from  tumor  cell  in- 
jected mice  or  control  treated  animals.  Endogenous  spleen  colony  formation 

was  obviated  by  giving  B6CBF1  mice  1000  rads  and  C57BL/6  mice  900  rads  of 
BO 

Co  radiation  at  40  ’•ads/minute.  Irradiated  mice  were  engrafted  with  syn- 
geneic spleen  cells  within  4 hours  of  irradiation.  The  spleens  were  removed  8 
days  later,  fixed  in  Bouin's  solution  for  2-4  hours  and  the  surface  colonies 
counted  independently  by  three  individuals.  The  average  number  of  colonies  per 
spleen  was  determined  from  the  three  counts.  The  number  of  CFU-s  per  106 
nucleated  spleen  cells  was  determined  by  multiplying  the  average  numher  of 
nodules  per  spleen  by  the  appropriate  factor  and  then  preparing  a grand  mean 
from  the  adjusted  values  for  each  treatment  group. 

Colony  forming  unit-culture  (CFU-c)  assay.  The  CFU-c  assay  was  used 
to  assay  for  granulocyte-macrophage  progenitor  cell  population  changes  in  the 
spleens  of  mice  injected  with  tumor  cells  or  mice  treated  as  controls.  Briefly, 
the  technique  consisted  of  a two-layer  agar  system  using  a firm  0. 5 percent  nu- 
trient agar  underlayer  containing  colony  stimulating  activity  (CSA)  and  an  over- 
layer of  0. 3 percent  nutrient  agar  containing  106  spleen  cells  per  culture  plate. 
Extracts  from  the  placentae  and  uteri  of  pregnant  mice  (PMUE)  were  used  as 
the  source  of  CSA. 5 The  maximum  CSA  was  observed  with  a 3.  3 percent 
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concentration  (v/v)  of  PMUE  in  culture  medium  plus  agar.  Approximately  100- 
200  colonies/106  spleen  cells  derived  from  normal  mice  of  either  strain  were 
measured  at  this  PMUE  concentration.  Three  replicate  plates  were  incubated 
at  37°C  in  5 percent  COg.  Plates  containing  cells  derived  from  the  spleen  were 
counted  for  colonies  (>50  cells)  and  clusters  (<50  cells)  after  10  days  of 
incubation. 

Mitogenic  stimulation.  The  nonspecific  thymus  (T)  and  bone  marrow  (B) 
derived  lymphocyte  responses  of  spleen  cells  were  determined  to  see  if  splenic 
enlargement  in  tumor  cell  injected  mice  was  associated  with  changes  in  stimu- 
lation responses  to  mitogens.  T-lymphocyte  function  was  estimated  by  culture 
in  the  presence  of  2.  5 jig  purified  phytohemagglutinin  (PHA-P,  Wellcome  Re- 
agents Division,  Research  Triangle  Park,  North  Carolina).  B-lymphocyte  func- 
tion was  ascertained  by  culture  in  the  presence  of  10  jig  Salmonella  typhosa  0901 
lipopolysaccharide  (LPS,  Difco,  Detroit,  Michigan).  The  quantities  of  mitogens 
employed  in  the  splenic  cultures  were  not  toxic  as  determined  in  dilution  assays 
varying  in  quantity  from  0.  5 to  10  jig  of  PHA  and  from  1 to  20  jig  of  LPS.  One- 
milliliter  cultures  containing  2 x 106  cells  in  RPMI-1640  medium  were  supple- 
mented with  200  units  of  penicillin  plus  200  jig  streptomycin,  and  5 percent  nor- 
mal human  serum  (NHS)  inactivated  for  30  minutes  at  56°C.  All  cell  cultures 
were  incubated  in  5 percent  C02,  at  37°C  and  harvested  at  72  hours.  All  spleen 
cultures  were  done  in  duplicate.  One  microcurie  of  tritiated  thymidine  (3H-TdR) 
with  a specific  activity  of  2.  0 Ci/mmole  (New  England  Nuclear,  Boston,  Massa- 
chusetts) was  added  to  the  cell  cultures  18-20  hours  before  harvesting.  Unin- 
corporated isotope  was  removed  by  two  washes  in  0.  9 percent  ■ ine  and  the 
cells  were  precipitated  with  5 percent  trichloroacetic  acid,  solubilized  in  NCS 
(Amersham/Searle  Corporation,  Chicago,  Illinois)  and  counted  for  1 minute  in 
10  ml  of  Spectrofluor  (Amersham/Searle  Corporation)  cocktail.  The  data  pre- 
sented in  the  Tables  are  the  counts  per  minute  (CPM)  of  DNA-incorporated 
3H-TdR  minus  the  CPM  of  the  background.  The  background  CPM  is  defined  as 
the  incorporation  of  3H-TdR  into  cell  cultures  not  stimulated  with  mitogens. 
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Microscopy.  Light  microscopy  was  done  on  portions  of  the  spleens  of 
normal  or  tumor  cell  engrafted  mice  to  correlate  histologic  alterations  with 
those  observations  made  in  the  cell  assays.  Histologic  techniques  employed 
were  standard  methods;  staining  was  done  on  5-jim  thick  sections  with  hema- 
toxylin and  eosin. 

In  the  CFl'-s  assay,  spleen  colonies  were  identified  as  either  erythrocytic, 
granulocytic  or  megakaryocytic.  Splenic  nodules  were  classified  as  mixed  when 
an  equal  proportion  of  erythrocytic  and  granulocytic  elements  was  present  or 
when  three  or  more  megakaryocytes  were  found  in  a single  section  of  either  a 
granulocytic  or  erythrocytic  nodule. 

Electron  micrographs  were  prepared  on  a few  tumors  and  spleens  of 
tumor-bearing  mice  to  look  for  the  presence  of  virus-like  particles.  These 
tissues  were  fixed  first  in  2.  5 percent  glutaraldehyde.  The  specimens  were 
trimmed  to  the  appropriate  size  and  additionally  fixed  in  2 percent  osmium  te- 
troxide  at  4°C  for  2 hours.  Dehydration  was  accomplished  by  serial  passage 
through  increasing  concentrations  of  ethanol.  The  material  was  embedded  in 
Epon,  cut  with  a diamond  knife,  stained  with  uranyl  acetate  and  lead  citrate  and 
examined  with  a Siemens  1A  electron  microscope.  Tissue  preparations  were 
not  digested  to  remove  glycogen  particles. 

Statistical  methods.  The  experiments  were  designed  and  carried  out  as  a 
three  factor  with  two  replicates  array  on  each  of  the  measured  variates.  The 
analyses  for  all  variates  were  done  on  tissue  from  the  same  groups  of  animals 
so  that  comparisons  and  correlations  between  the  quantities  could  be  made  under 
identical  conditions. 

The  main  effects  of  time,  dose  and  strain  on  CFU-s,  CFU-c,  CPM-PHA, 

oq 

CPM-LPS  and  spleen  weight  were  examined  using  an  analysis  of  variance 
computed  with  the  multivariate  analysis  of  variance  (MANOVA)  program.6  The 
combined  effects  of  pairs  of  factors  (interaction)  were  tested  to  determine,  for 
example,  whether  the  tumor  cell  doses  affected  the  two  strains  of  mice  similarly. 


The  analysis  of  variance  was  used  since  it  (1)  has  the  advantage  of  pooling  all  of 
the  replicates  to  maximize  the  degrees  of  freedom  in  the  "error"  term  and  (2) 
permits  the  interactions  to  be  tested. 

The  arithmetic  of  the  analyses  and  the  significance  tests  was  computed 
using  the  square  root  transformation  since  the  data  followed  the  Poisson  distri- 
bution in  which  the  variances  were  proportional  to  the  magnitude  of  the  responses. 
This  transformation  stabilized  the  variances  and  made  the  data  amenable  to  the 
analysis  of  variance  technique. 

All  main  effects  of  time,  tumor  cell  dose,  mouse  strain  and  replicate  and 
the  two-factor  interactions  were  tested  for  significance  by  pooling  the  higher 
order  interactions  to  form  the  error  term.  When  either  dose  or  time  was  found 
significant  for  any  variate,  individual  compariscns  were  made  using  the  Student  - 
Newman-Keuls  test.29  Thus,  it  was  possible  to  test  for  differences  in  spleen 
cell  responses  derived  from  tumor  cell  injected  mice  with  those  responses  ob- 
tained from  mice  not  given  tumor  cells  or  from  mice  given  irradiated  tumor 
cells. 

The  significance  level  used  throughout  was  a = . 01.  This  probability  level 
was  used  for  making  comparisons  between  main  effects,  interactions  and  individ- 
ual responses. 

RESULTS 

Tumor-cell  titration.  In  order  to  determine  the  tumor  cell  doses  to  be 
used  in  this  investigation,  a 3LL  cell  dose-tumor  growth  and  mortality  study  was 
done  over  a 60-day  observation  period  with  both  C57BL/6  and  B6CBF1  mice  (Ta- 
ble 1).  Resistance  to  3LL  tumor  growth  was  seen  in  B6CBF1  mice.  Thus,  as 
compared  to  B6CBF1  mice  (1)  the  numbers  of  C57BL/6  mice  developing  tumors 
were  greater,  (2)  the  mean  times  to  the  first  palpation  of  tumors  were  shorter 
and  (3)  the  mean  survival  times  of  animals  dying  with  tumors  were  shorter.  The 
times  of  first  tumor  palpation  ranged  from  5-21  days  and  times  of  death  from  the 
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Table  1.  Tumor  Incidence  and  Mortality  in  C57BL/6  and  B6CBF1  Mice 
Engrafted  With  Various  Quantities  of  3LL  Carcinoma  Cells 


All  mice  were  engrafted  sc  with  !.ewis  Lung  carcinoma  cells  derived  from  tumors  10  days  after 
implantation  passage  numbers  4 and  12  in  C57BL/6  9 mice.  Mice  were  palpated  for  tumors  three 
times  weekly  starting  5 days  after  engraftment  and  continuing  for  3 weeks  thereafter. 

All  tumors  appeared  between  days  5 and  21.  Experimental  mice  were  observed  for  tumors  for  60 
days  while  control  treated  mice  were  examined  for  tumors  for  30  cays. 

Mean  time  in  days  ♦ standard  error. 

M.S.T.  ♦ S.E.  - Mean  survival  time  ♦ standard  error  of  mice  dying  with  tumors. 

Cells  were  given  2000  rads  60Co  at  600  rads/minute. 


tumor  ranged  from  14-49  days.  These  measurements  differed  according  to 
mouse  strain  and  tumor  cell  load  and  are  reflected  in  Table  1 by  the  mean  val- 
ues. Mice  treated  as  controls  and  given  either  RPMI-1640  or  2 x 10®  irradi- 
ated 3LL  cells  did  not  develop  tumors  within  the  60-day  observation  time.  At 
the  time  of  injection  into  mice,  80-90  percent  of  the  irradiated  tumor  cells  ex- 
cluded 0. 2 percent  trypan  blue  dye. 

Splenic  enlargement  and  histology.  Splenic  enlargement  of  the  mice  that 
died  from  the  tumor  cell  titration  study  was  noted  at  necropsy.  This  phenom- 
enon was  investigated  as  a function  of  strain  of  mice,  time  and  tumor  cell  dose 
in  additional  groups  of  mice  as  is  recorded  in  Table  2.  Two  strains  of  mice 
were  employed  since  the  tumor  cell  titration  study  supported  the  idea  that 
B6CBF1  mice  were  somewhat  more  resistant  than  C57BL/6  mice  to  the  3LL 
carcinoma.  Groups  of  these  mice  were  injected  with  tumor  cells,  then  sacri- 
ficed and  examined  3,  7 and  14  days  after  engraftment  to  avoid  morbidity  from 
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Table  2.  Splenic  Weights  From  Two  Replicates  of  C57BL/6  and  B6CBF1  Mice 
as  a Function  of  Tumor  Cell  Dose  and  Time  After  Engraftment 1 


Number  of  3LL  cells  injected  s.c. into  mice 


lxlO4  5xl04  2x10* 


* Each  number  is  a grand  mean  comprised  of  the  average  of  the  number  of  mean  values  listed  in  the 
( ) + the  standard  error.  Each  individual  mean  value  was  based  on  measurements  mode  on  the 

spleens  of  3-5  mice.  Portions  of  these  spleens  were  used  to  obtain  the  data  presented  ir,  Tables 
3-7. 


excessive  tumor  growth  and  microbial  complications.  The  tumor  cell  doses 
were  intentionally  chosen  such  that  mice  would  receive  either  (1)  a tumor  cell 
load  (2  x 10®,  3LL  cells)  that  produced  tumors  in  nearly  all  injected  mice  or  (2) 
intermediate  tumor  cell  loads  (1  x 10^  and  5 x 104,  3LL  cells)  that  resulted  in 
growth  characteristics  that  differed  in  the  two  mouse  strains.  Mice  injected 
either  with  2 x 10®  irradiated  3LL  cells  or  RPMI-1640  were  used  as  controls. 

The  data  presented  in  Table  2 are  the  average  spleen  weights  from  equal 
numbers  of  C57BL/6  and  B6CBF1  mice  treated  as  previously  described.  Splenic 
enlargement  was  seen  in  all  mice  injected  with  3LL  carcinoma  cells.  The  de- 
gree of  enlargement  was  dependent  upon  the  number  of  tumor  cells  injected  in- 
to mice,  the  condition  of  the  tumor  cells  (irradiated  or  nonirradiated)  and  the 
time  elapsed  between  engraftment  and  spleen  weight  measurement.  Splenic 
weights  were  significantly  (p<  . 01)  greater  at  the  14-day  time  period  than  those 
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weights  measured  on  day  3 and  7.  The  dependence  of  splenic  enlargement  upon 
initial  tumor  cell  load  was  strongly  manifested  by  day  14.  At  that  time  the  av- 
erage spleen  weights  of  all  groups  of  mice  injected  with  nonirradiated  cells  were 
significantly  different  from  each  other  (p<  . 01). 

The  average  spleen  weights  of  mice  injected  with  tumor  cells  were  signif- 
icantly different  (p<  . 01)  in  the  two  replicates  reported  in  Table  2.  There  is  no 
explanation  for  this  observation  as  factors  such  as  animal  husbandry,  age,  sex, 
tumor  cell  preparation,  etc.  were  similar.  It  should  also  be  stated  that  the 
splenic  weights  depended  upon  the  quantity  of  tumor  cells  engrafted  into  the  mice 
and  not  upon  the  time  of  first  palpation  or  size  of  the  tumors. 

Splenic  enlargements  in  the  two  mouse  strains  were  not  significantly  dif- 
ferent (data  array  not  presented).  However,  in  most  instances  the  spleens  of 
B6CBF1  mice  were  heavier  than  those  of  C57BL/6  mice. 

Bright  light  and  electron  microscopic  tissue  examinations  were  done  to 
provide  a possible  explanation  for  splenic  enlargement.  Splenic  enlargement 
was  not  associated  with  metastasis  to  the  spleen  because  no  lesions  were  seen 
in  over  100  tissue  samples.  Although  increases  in  splenic  cell  numbers  were 
observed,  these  were  not  quantified  because  half  of  each  spleen  was  used  to  pre- 
pare the  cell  suspensions  used  in  the  tests  presented  elsewhere  in  this  report. 
The  hypercellularity  was  predominantly  a reticuloendothelialcytosis  whose  most 
numerous  elements  were  macrophages.  This  was  the  most  consistent  finding  in 
the  spleens  of  all  mice  and  was  most  notable  in  the  B6CBF1  animals.  Hyper- 
plasia of  the  reticuloendothelial  system  increased  over  that  of  controls  both  as 
a function  of  tumor  cell  load  and  time  after  engraftment.  Lymphoid  hyperplasia 
was  found  only  in  C57BL/6  mice  engrafted  with  2 x 105  nonirradiated  3LL  cells. 
Lymphocytosis  was  never  seen  in  B6CBF1  mice.  Myeloid  hypercellularity  was 
observed  in  both  mouse  strains.  The  most  prominent  myeloid  activity  was  a 
megakaryocytosis  that  reached  its  apex  7 days  after  engraftment  with  tumor 
cells. 
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Cellular  proliferation  in  the  spleens  of  mice  engrafted  with  3LL  cells  did 
not  seem  to  be  associated  with  any  unusual  viral  replication.  C-type  virus  par- 
ticles were  not  found  either  in  representative  spleen  samples  from  control 
treated  mice  or  from  splenic  or  tumor  tissue  derived  from  mice  engrafted  with 
3LL  cells.  Glycogen-like  particles  were  observed  in  normal  quantities  in  all 
cell  types  of  all  tissues,  but  glycogen  digestion  was  not  done  to  unequivocally 
substantiate  the  nature  of  this  material. 

Splenic  myeloproliferative  cells.  Splenic  myeloid  proliferation  was  ob- 
served in  mice  engrafted  with  3LL  cells  as  was  previously  mentioned.  The 
CFU-s  assay  was  used  to  quantify  the  concentration  of  stem  cells  while  the 
CFU-c  assay  was  used  to  determine  the  concentration  of  granulocyte-macrophage 
progenitor  cells.  The  data  presented  in  Table  3 are  the  average  number  of 
CFU-s  per  10®  spleen  cells  obtained  from  two  replicates  of  B6CBF1  mice  and 

Table  3.  Number  of  Splenic  Colonies  (CFU-s)  Formed  Per  10®  Spleen  Cells 
From  C57BL/6  and  B6CBF1  Mice  From  Combined  Replicates  as  a 
Function  of  Tumor  Cell  Dose  and  Time  After  Engraftment1 


Number  of  3LL  ce^^^HLJVjected'  s.c.  Lnto“mTc^ 


Average  number  i 
j CFU-s  per  106  spleerJ 
cell*  per  day  of 
engraftment 


^umbe^TTTnT-?" 


Days  after 
mgraftment  with 
3LL  tumor  cells 


Average  number 
CFU-s  per  106 
spleen  cells 
per  dose  of 
ingrafted  tumor 
cells 


(3) 


28+4 

(3) 


32+2 

(3) 


28+2 

(9) 


irradiated 

2x10s 


32*2 

(3) 


50*4 

(3) 


29+4 

(3) 


38+4 

(9) 


1x10* 


22+2 

(3) 


41+7 

(3) 


37+2 

(3) 


33+3 

(9) 


SxlO4 


30+3 

(3) 


41+3 

(3) 


43+8 

(3) 


38+3 

(9) 


2xl05 


27+3 

(3) 


42+6 

(3) 


38+5 

(3) 


36+3 

(9) 


27+1 

(15) 


40+3 

(15) 


36+2 

(15) 


Average 

ber  10®  spleen  cells  per  strainl 


C57B1/6 


27+4 

(5) 


33+4 

(5) 


28+2 

(5) 


29+1 

(15) 


36CBF1 


27+1 

(10) 


44+3 

(10) 


39+2 

(10) 


37+2 

(30) 


1 The  technique  of  determining  the  number  of  CFU-s  per  106  spleen  cells  is  described  in  the  Materials  and  Methods. 

2 Each  number  is  a grand  mean  comprised  of  the  average  of  the  number  of  mean  values  listed  in  the  ( ) ♦ the 
standard  error.  Each  individual  mean  value  was  constructed  from  three  estimates  of  6-8  mouse  spleens.  The 
cells  for  these  assays  were  obtained  from  portions  of  the  spleens  used  to  obtain  the  data  presented  in 
Tables  2,  4-7. 
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one  test  done  with  C57BL/6  mice.  With  a few  exceptions,  it  is  observed  that  the 

% 

CFU-s  concentration  in  spleen  cells  obtained  from  mice  injected  with  3LL  cells 
is  greater  than  controls.  This  increase  in  concentration  was  significant  (p< . 01) 
and  appears  to  be  dependent  upon  the  initial  tumor  cell  load,  time  of  assay  after 
tumor  cell  implantation  and  the  strain  of  mouse  injected  with  tumor  cells.  The 
concentration  of  CFU-s  per  106  spleen  cells,  with  one  exception,  tended  to  be 
the  greatest  on  day  7 after  engraftment  with  3LL  cells.  The  splenic  concentra- 
tion of  CFU-s  was  greater  (p< . 01)  in  B6CBF1  than  in  C57BL/6  mice  after  in- 
jection with  3LL  cells.  However,  the  percentage  increases  over  control  treated 
C57BL/6  (22  ± 4 CFU-s/lO6)  and  B6CBF1  (31  * 4 CFU-s/lO6)  mice  were  similar 
as  the  CFU-s  concentration  increased  10-15  percent  in  each  strain  after  trans- 
plantation with  3LL  cells. 

Spleen  colony  histologic  identification  was  done  only  on  B6CBF1  mouse 
spleens.  Approximately  three  spleens  per  time  interval  per  replicate  per  tumor 
cell  dose  (90  spleens  with  about  400  colonies)  were  examined.  About  1 percent 
of  the  colonies  were  diagnosed  as  being  of  mixed  granulocytic-erythrocytic  com- 
position. A ratio  of  three  erythrocytic  colonies  for  every  granulocytic  colony 
was  found  for  both  control  treated  and  tumor  cell  injected  mice. 

The  data  presented  in  Table  4 are  the  average  number  of  CFU-c  per  10® 
spleen  cells  obtained  from  unequal  groups  of  C57BL/6  and  B6CBF1  mice.  The 
CFU-c  concentration  of  spleen  cells  obtained  from  mice  injected  with  3LL  cells 
was  increased  over  that  observed  for  spleen  cells  from  mice  not  given  3LL  cells. 
Successively  higher  3LL  tumor  cell  inocula  resulted  in  progressively  increased 
numbers  of  CFU-c  at  each  time  interval  tested.  There  was  a tendency  for  the 
CFU-c  concentrations  of  spleen  cells  obtained  from  mice  injected  with  the  two 
highest  doses  of  tumor  cells  to  increase  over  time.  The  concentration  of  CFU-c 
in  the  spleens  of  B6CBF1  mice  tended  to  be  greater  than  that  found  in  C57BL/6 
mice.  Cluster  formation  was  found  in  culture  plates  seeded  with  cells  obtained 
from  mice  2 weeks  after  injection  with  either  of  the  highest  number  of  tumor 
cells.  Cluster  formation  results  from  the  limited  proliferation  of  differentiated 
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Table  4.  Number  of  Soft  Agar  Colonies  (CFU-c)  Formed  Per  106  Spleen  Cells 
From  C57BL/6  and  B6CBF1  Mice  From  Combined  Replicates  as  a 
Function  of  Tumor  Cell  Dose  and  Time  After  Engraftment* 


precursor  cells.  The  cellular  morphology  of  all  colonies  was  of  mononuclear, 
monocyte-macrophage  type  cells.  No  granulocytes  were  observed  in  any  col- 
onies at  any  stage  of  growth. 

Splenic  cell  responses  to  mitogens.  Hyperplasia  of  the  splenic  myeloid 
cell  compartment  with  some  expansion  of  the  lymphoid  cell  system  was  seen  in 
mice  injected  with  3LL  cells.  Thus,  it  was  hypothesized  that  increased  splenic 
cell  proliferation  would  result  in  the  increased  incorporation  of  3H-TdR  in  mito- 
gen unstimulated  cells  as  well  as  alterations  in  isotope  uptake  of  lymphocytes 
. stimulated  either  with  PH  A or  LPS.  Analyses  for  (1)  naturally  proliferating 

cells,  (2)  T-lymphocytes  and  (3)  B-lymphocytes  were  done  on  spleen  cell  sam-  ' 

pies  at  the  same  time  to  test  this  hypothesis. 

Presented  in  Table  5 are  the  average  CPM  of  unstimulated  spleen  cell 
cultures  derived  from  equal  numbers  of  C57BL/6  and  B6CBF1  mice  treated  as 
previously  described.  The  average  3H-TdR  incorporation  into  the  spleen  cells 
of  all  mice  injected  with  3LL  cells  was  significantly  increased  over  that  isotope 
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Footnote*  from  Table  3 apply  to  the  data  presented  in  Table  4. 

3 Uncountable  numbers  of  clusters  were  found  at  this  cell  dose  and  time  interval. 
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Table  5.  Counts  Per  Minute  (CPM)  of  Unstimulated  Spleen  Cell  Cultures  From 
Two  Replicates  of  C57BL/6  and  B6CBF1  Mice  as  a Function  of  Tumor 
Cell  Dose  and  Time  After  Engraftment* 


2,1*2 


ected  s.c. 

into  aic« 

Average  CPM 

5x10* 

2*105 

per  day  of 
engraftment 

21,718+ 

23,937+ 

23,506+ 

2,153 

7,002 

2,335 

(4, 

(4) 

(20) 

15,251* 

13,607+ 

11,510+ 

6,694 

2,900 

1,825 

(4) 

(4) 

(20) 

30,350+ 

33,164+ 

19,531+ 

7,254 

4,590 

3,150 

(4) 

(4) 

(20) 

14,856+ 


Average  CPM  per 
Replicate  number 


The  technique  of  cell  culturing  is  described  in  the  Materials  and  Methods. 

^ Each  number  is  a grand  mean  comprised  of  the  average  of  the  number  of  mean  values  listed  in  the  ( ) ♦ the 
standard  error.  Each  individual  mean  value  was  constructed  from  duplicate  cell  cultures  made  from  portions 
of  the  spleens  used  to  obtain  the  data  presented  in  Tables  2,  3,  4,  6 and  7. 


uptake  measured  for  spleen  cells  taken  from  mice  not  injected  with  tumor  cells. 
Overall,  the  uptake  of  isotope  was  dependent  upon  the  factors  of  time,  dose  of 
tumor  cells  and  replication.  Generally,  the  isotopic  uptake  of  mitogen  unstim- 
ulated cells  reached  (1)  a nadir  7 days  after  the  mice  were  injected  with  3LL 
cells  and  (2)  its  highest  level  at  day  14  in  mice  injected  with  the  two  greatest 
numbers  of  nonirradiated  3LL  cells.  The  reason  for  the  large  differences  in 
isotope  uptake  between  the  two  replicates  on  days  7 and  14  is  not  known. 

The  data  presented  in  Table  5 support  the  contention  that  spleen  cells  from 
mice  injected  with  3LL  cells  contain  a significant  component  of  replicating  cells 
capable  of  incorporating  3H-TdR  without  the  addition  of  a mitogen.  Consequently, 
the  uptake  of  isotope  due  to  mitogenic  stimulation  was  corrected  by  subtracting 
the  appropriate  "background"  obtained  from  unstimulated  cell  cultures.  The  data 
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presented  in  Table  6 then  are  the  corrected  CPM  of  spleen  cells  incorporating 
3 * 

H-TdR  after  PHA  stimulation.  Overall,  the  PHA  response  of  splenic  lympho- 
cytes obtained  from  C57BL/6  and  B6CBF1  mice  injected  with  3LL  cells  was  less 
than  that  of  splenic  lymphocytes  obtained  from  control  treated  mice.  The  uptake 

Q 

of  H-TdR  by  splenic  lymphocytes  was  progressively  decreased  as  the  number  of 
3LL  tumor  cells  injected  into  the  mice  was  increased.  The  length  of  time 
spleens  were  in  a 3LL  cell  injected  mouse  had  no  significant  effect  upon  the  in- 
corporation of  ^H-TdR  in  PHA-stimulated  T-lymphocytes.  C57BL/6  mouse 
splenic  lymphocytes  had  a significantly  (p<.  01)  reduced  uptake  of  ^H-TdR  after 
PHA  stimulation  as  compared  to  that  ascertained  for  cells  obtained  from  B6CBF1 
mice. 

The  B-lymphocyte  component  of  spleens  obtained  from  mice  injected  with 
3LL  cells  was  investigated  simultaneously  with  that  of  the  previously  mentioned 
T-lymphocyte  responses.  The  data  presented  in  Table  7 as  corrected  CPM 


Table  6.  Counts  Per  Minute  (CPM)  of  PHA-Stimulated  Spleen  Cell  Cultures 
From  Combined  Replicates  of  C57BL/6  and  B6CBF1  Mice  as  a 
Function  of  Tumor  Cell  Dose  and  Time  After  Engraftment^ 


Table  7.  Counts  Per  Minute  (CPM)  of  LPS-Stimulated  Spleen  Cell  Cultures 
From  Combined  Replicates  of  C57BL/6  and  B6CBF1  Mice  as  a 
Function  of  Tumor  Cell  Dose  and  Time  After  Engraftment1 
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In  Table  7 

support  the  contention  that  there  is  an  increased  B-lymphocyte  response  in  mice 
injected  with  3LL  cells.  The  incorporations  of  3H-TdR  by  LPS  stimulated  B- 
lymphocytes  derived  from  mice  injected  with  different  amounts  of  3LL  cells 
were  not  significantly  different  from  mice  not  injected  with  tumor  cells.  While 
not  statistically  different  it  is  of  interest  that  the  highest  tumor  cell  dose  resulted 
in  the  smallest  increase  in  3H-TdR  incorporation  into  LPS  stimulated  splenic 
lymphocytes.  There  was,  however,  a significant  difference  (p<.011  in  LPS 
stimulated  lymphocyte  incorporation  of  3H-TdR  between  the  two  mouse  strains. 
That  is,  as  in  the  case  of  the  T-lymphocyte  response,  spleen  cell  cultures  made 
from  B6CBF1  mice  incorporated  more  isotope  than  cultures  made  from  C57BL/6 
mice. 
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DISCUSSION 


The  significant  findings  of  this  work  include  (1)  the  differential  tumor 
growth  responses  in  mice  engrafted  with  3LL  carcinoma  cells,  (2)  hyperplasia 
of  splenic  myeloid  and  reticuloendothelial  elements  resulting  in  splenomegaly, 

(3)  splenomegaly  associated  with  greater  concentrations  of  CFU-s  and  CFU-c 
and  (4)  splenomegaly  associated  with  a decreased  response  to  PHA  and  a mar- 
ginally increased  response  to  LPS.  In  addition,  all  of  the  cell  assay  systems 
employed  to  delineate  the  3LL-induced  splenomegaly  were  dependent,  to  some 
extent,  upon  (1)  the  initial  dose  of  tumor  cells,  (2)  time  after  engraftment  when 
the  spleen  cells  were  used  for  the  assays,  (3)  strain  of  mouse  injected  with  3LL 
cells  and  (4)  experimental  replication. 

The  differential  tumor  growth  responses  and  splenomegaly  responses  in 
C57BL/6  and  B6CBF1  mice  were  unexpected  findings.  A tempting  explanation 
for  these  observations,  supported  by  our  histologic  findings  of  increased  num- 
bers of  splenic  macrophages  in  B6CBF1  mice,  is  that  the  3LL  cells  provoked  a 
nonspecific  host  resistance  to  tumor  growth.  This  explanation  for  resistance  to 
tumor  growth  is  supported  by  the  observations  that  (1)  while  splenic  macrophages 
were  increased  in  3LL  cell-injected  C57BL/6  mice,  their  numbers  were  greater 
in  B6CBF1  mice,  (2)  large  numbers  of  macrophages  in  the  tumor  area  are  pos- 
itively correlated  with  a good  prognosis  after  surgical  extirpation4  and  (3)  agents 
that  stimulate  macrophage  reactivity  may  be  useful  as  immunologic  adjuvants.20 

Splenomegaly  in  animals  bearing  transplantable  nonhematogenous  derived 
tumors  has  been  explained  by  several  investigators  as  the  result  of  microbial 
complications.  2*8  This  conclusion  is  not  supported  by  our  observations  since 
(1)  unusual  viral  activity  was  not  observed,  (2)  cultures  of  spleen  cells  never  re- 
sulted in  detectable  bacterial  growth,  (3)  ulceration  of  tumors  was  not  seen  dur- 
ing the  time  period  investigated  in  this  report,  (4)  injection  of  mice  with  sterile 
irradiated  3LL  cells  resulted  in  splenomegaly  and  (5)  splenomegaly  was  observed 
in  mice  reared  under  axenic  conditions  and  grafted  with  sterile  preparations  of  a 
transplantable  myoepithelioma.12 


It  was  not  possible  to  estimate  the  total  content  of  CFU-s  and  CFU-c  in 
the  spleens  of  mice  injected  with  3LL  cells  because  a portion  of  each  spleen  was 
used  for  histologic  evaluation.  Nevertheless,  increases  in  CFU-s  and  CFU-c 
concentrations  within  the  spleen  of  3LL  cell-injected  mice  were  observed.  A 
number  of  factors  operating  either  independently  or  together  may  account  for  the 
increased  CFU-s  and  CFU-c  concentrations  in  the  spleen.  These  include  in- 
creases due  either  to  (1)  stimulatory  factors  released  by  the  3LL  cells,  (2)  re- 
sponses to  antigenic  stimulation  provided  either  by  tumor  cell  debris  or  possible 
tumor  specific  antigens  (TSA)  or  (3)  the  migration  or  mobilization  of  such  cells 
from  other  hematopoietic  tissues  such  as  the  bone  marrow  to  the  spleen.  A 
fourth  tenable  hypothesis  is  that  the  fraction  (f)  of  CFU-s  seeding  in  the  spleen 
of  the  irradiated  assay  mouse  was  altered.27* 28  This  hypothesis  merits  inves- 
tigation, since  a number  of  substances  known  to  perturb  the  total  CFU-s  com- 
partment result  in  variations  in  the  fraction  of  CFU-s  capable  of  seeding  the 
spleens  of  irradiated  assay  mice.21  It  is  of  interest  to  note  that  if  this  fraction 
is  lower  for  spleen  cells  derived  from  mice  injected  with  3LL  cells  than  it  is 
for  mice  not  injected  with  3LL  cells,  the  values  presented  in  Table  3 are  under- 
estimates of  the  splenic  CFU-s  concentration.  The  fraction  of  CFU-c  capable 
of  seeding  on  agar  plates  is  assumed  to  be  "100  percent"  as  such  cells  are  not 
able  to  be  recultured. 

An  erythrocytic-granulocytic  (EG)  ratio  of  three  was  found  for  colonies 
obtained  from  the  cells  of  spleen  derived  from  either  control  treated  or  3LL 
cell-injected  mice.  This  ratio  is  commonly  found  in  many  mouse  strains  where 
bone  marrow  cells  are  the  source  of  the  CFU-s.35  When  normal  spleen  cells 
are  the  source  of  the  CFU-s,  an  EG  ratio  two  to  ten  times  greater  than  that  for 
marrow  cells  is  observed.34  Because  of  similar  EG  ratios  found  for  spleen 
cells  derived  from  either  control  treated  or  3LL  cell-injected  mice,  it  is  not 
possible  to  state  unequivocally  that  migration  of  CFU-s  occurred  from  the  mar- 
row to  the  spleen. 
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Hematocytopoietic  alterations  produced  by  certain  tumor-related  sub- 
stances have  been  identified  previously.  A granulocytosis  promoting  factor  was 
isolated  from  a transplantable  mouse  mammary  tumor.9  Colony  stimulating  fac- 
tor (CSF),  a substance  capable  of  stimulating  CFU-c  growth,  has  been  found  in 
the  serum  and  urine  of  leukemic  individuals.21  Identification  of  a somewhat 
similar  substance  produced  by  3LL  tumor  cells  is  a distinct  possibility  in  light 
of  the  data  reported  here. 

Antigenic  substances  are  known  to  increase  the  splenic  numbers  of  CFU-s 
and  CFU-c.19*26  Debris  from  tumor  cell  destruction  or  tumor  specific  antigens 
then  could  provoke  increases  in  these  cell  types.  Recognition  of  the  tumor  cell 
debris  could  also  explain  the  large  number  of  macrophages  seen  in  the  spleens 
of  B6CBF1  mice  injected  with  3LL  cells.  In  vitro  sensitization  of  C57BL/6 
lymphocytes  to  3LL  cells  supports  the  contention  that  TSA  are  present  on  the 
tumor  cell  membranes.33  In  addition,  the  H-2b  specificity  of  the  original 
C57BL/6  host  mouse  may  be  carried  on  3LL  tumor  cell  membranes.32  Thus, 
the  findings  of  others  support  the  hypothesis  that  some  form  of  antigenicity  may 
be  responsible  for  a portion  or  all  of  the  increased  splenic  concentrations  of 
CFU-s  and  CFU-c. 

In  mice  injected  with  3LL  cells,  spontaneous  incorporation  of  3H-TdR  up 
to  six  times  that  found  in  control  treated  animals  was  observed.  It  is  tempting 
to  ascribe  these  increases  to  proliferation  of  cells  within  the  myeloid  cell  com- 
partment. This  is  supported  by  our  findings  of  (1)  histologic  evidence  of  myeloid 
cell  proliferation,  (2)  the  increases  found  in  the  concentrations  of  CFU-s  and 
CFU-c  and  (3)  large  numbers  of  clusters  formed  from  spleen  cells  of  3LL  cell- 
injected  mice  that  also  had  the  highest  spontaneous  incorporation  of  3H-TdR 
(Tables  4 and  5).  The  contribution  of  spontaneous  isotopic  uptake  into  lympho- 
cytes, proliferation  of  which  could  occur  in  response  to  tumor-cell  associated 
antigens,  seems  minimal  since  our  histologic  examinations  did  not  reveal  am- 
plification of  this  cell  compartment. 
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Reductions  in  splenic  cell-lymphoid  cell  responsiveness  to  PHA  is  a well- 
known  observation.  The  reduced  splenic  cell  responsiveness  to  PHA  observed 
with  cells  obtained  from  mice  injected  with  3LL  cells  may  be  explained  by  any 
one  or  all  of  the  following  considerations.  These  are  (1)  dilution  of  the  number 
of  lymphoid  cells  cultured  by  increased  myeloid  cell  concentrations,  (2)  the 
presence  of  cells  or  factors  which  inhibit  T-lymphocyte  responsiveness  and  (3) 
T-cell  commitment  to  other  antigens. 

The  data  presented  in  this  report  support  the  contention  that  myeloid  cell 
increases  in  the  spleen  cell  cultures  could  result  in  decreased  uptake  of  3H-TdR 
after  PHA  stimulation.  It  should  be  noted  that  while  cell  isotope  counts  were 
corrected  for  background,  which  would  include  uptake  in  replicating  stem  and 
progenitor  cells,  some  of  these  cells  would  be  in  a resting  state.  Increased 
concentrations  of  such  cells  would  then  dilute  the  number  of  lymphocytes  avail- 
able to  respond  to  PHA. 

The  histologic  and  CFU-c  findings  reported  here  of  greater  numbers  and 
commitment  towards  macrophage  development  support  the  idea  that  these  cells 
may  be  responsible  for  the  reduced  splenic  lymphoid  cell  uptake  of  2H-TdR  after 
PHA  stimulation.  Indeed,  it  was  recently  reported  that  thymidine  released  from 
cells  degraded  by  macrophages  may  be  responsible  for  suppression  of  3H-TdR 
incorporation  after  PHA  stimulation.14* 34  In  addition,  tumor  cells  are  known 
to  release  immune  suppressive  factors2®  but  we  did  not  test  for  the  presence  of 
such  a material  in  our  3LL  cell-injected  mice. 

Spleen  cells,  derived  from  C57BL/6  mice  on  days  3,  7 and  14  after  in- 
jection with  the  various  numbers  of  3LL  cells  used  in  this  work,  were  capable 
of  inducing  graft  versus  host  disease  (GVHD).  Thus,  all  B6CBF1  mice  irradi- 
ated with  1000  rads  and  given  5 x 106  spleen  cells  from  C57BL/6  mice  treated 
either  as  controls  or  given  3LL  cells  died  8-14  days  after  transplantation.  These 
data  tend  to  support  the  argument  that  in  an  in  vivo  assay,  the  T-lymphocytes 
were  immunologically  capable  of  responding  to  transplantation  antigens.  Full 
T-cell  commitment  to  tumor  cell  associated  antigens  then  does  not  appear  to  be 
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an  attractive  explanation  for  reduced  splenic  cell  responsiveness  to  PHA. 1 If 
commitment  to  such  antigens  had  developed,  mortality  from  GVHD  would  have 
been  delayed  past  the  8-  to  14-day  survival  times. 

The  splenic  B-lymphocyte  response  to  LPS  in  mice  injected  with  3LL  cells 
was  marginally  increased  over  that  of  control  treated  mice.  This  is  contrasted 
to  the  greatly  enhanced  splenic  cell  response  to  LPS  observed  for  mice  bearing 
methylcholanthrene  (MCA)  induced  fibrosarcomas.  Possible  explanations  for 
the  differences  in  our  data  and  that  of  the  latter  authors  are  (l)  a different  tumor 
type  was  used,  (2)  the  number  of  tumor  cells  used  was  25-fold  greater  than  that 
used  in  our  work  and  (3)  spleen  cells  were  obtained  for  testing  3-8  weeks  after 
inoculation  with  MCA-induced  tumor  cells. 

In  conclusion  then,  engraftment  of  mice  with  3LL  carcinoma  cells  pro- 
duces splenomegaly.  The  splenomegaly  is  characterized  by  a reticuloendothelial- 
cytosis,  increases  in  the  concentration  of  CFU-s  and  CFU-c,  possible  decreases 
in  lymphocyte  responsiveness  to  PHA  and  marginal  increases  in  lymphocyte  re- 
sponsiveness to  LPS.  These  findings  may  be  of  value  in  experiments  of  a thera- 
peutic nature  designed  to  cure  mice  bearing  the  3LL  carcinoma. 
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